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My p r e s e n t a t i o n  today  w i l l  c o v e r ,  b r i e f l y ,  t h e  e f f e c t s  of t h e  

s p a c e  r a d i a t i o n ,  b o t h  t h e  p a r t i c u l a t e  and  tl-e t h e r m a l ,  on s p a c e  

v e h i c l e  materials and components .  'f i n t e n d  t o  d i s c u s s  advaneed  

m i s s i o n s  i n  g e n e r a l  r a t h e r  t h a n  s t a t e  r e q u i r e m e n t s  f o r  s p e c i f i c  

m i s s i o n s .  

We are  o b t a i n i n g  t w o  t y p e s  of d a t a  i n  t h e  r a d i a t i o n  e f f e c t s  

area - -  e n g i n e e r i n g  d a t a  on t h e  e f f e c t s  of r a d i a t i o n  on  s p e c i f i c  

components  and  d a t a  l e a d i n g  t o  a be t t e r  u n d e r s t a n d i n g  o f  t h e  basic 

mechanisms i n  r a d i a t i o n  damage, Our i n t e r e s t  i n  e n g i n e e r i n g  d a t a  

i s  fo r  s h c r t - t e r m  d e s i g n ,  w h i l e  t h e  b a s i c  d a t a  r e p r e s e n t s  o u r  major 

c o n c e r n  f o r  l ong- t e rm a p p l i c a t i o n .  

High e n e r g y  p a r t i c l e  r a d i a t i o n  can a f f e c t  materials i n  t w o  

ways ,  by ' i o n i z a t i o n  and  by atomic d i s a l a c e m e n t s .  **** The f i rs t  

s l i d e  shows t h e  a p p r o x i m a t e  t h r e s h o l d  d o s e s  f o r  r a d i a t i o n  damage 

f o r  t h e  more s e n s i t i v e  materials and  components  of b o t h  manned and  

unmanned s p a c e c r a f t .  

The damage t h r e s h o l d s  are u s u a l l y  d e t e r m i n e d  by n o t i n g  when 

c h a n g e s  o c c u r  i n  some p a r t i c u l a r  p r o p e r t y  of a material, 

of damage d u e  t o  i o n i z a t i o n  i s  usuall-y p r o p o r t i o n a l  t o  t h e  t o t a l  

e n e r g y  a b s o r b e d  i n  t h e  matertal, 

The amount 

D i s p l a c e m e n t  dgfec ts  h a v e  a pronounced  $ n f l u e n c e  3n t h e  e l ec t r i ca l  

b e h a v i o r  of s e m i c o n d u c t o r s .  The amount of dqnage  due to  d i s p l a c e m e n t s  

u s u a l l y  i s  d e t e r m i n e d  by t h e  number o f  i r r a d i a t i n g  pa r t i c l e s  i m p i n g i n g  

on t h e  material. 



I Althour:h, t h e  t h r e s h o l d  doscs f o r  damay.c t o  most of t h e  materials 

l and d e b i c e s  shown a r c  consldcrnLly lnreer t h a n  t h a t  r e q u i r e d  f o r  man, 

t h e r e  are  a t  least  t w o  reasons why r a d i a t i o n  damage to  t h e s e  materials 

l and d e v i c e s  c o u l d  be a n  i m p o r t a n t  l i m i t i n g  f a c t o r  i n  t h e  o p e r a t i o n  of I 

Q manned v e h i c l e .  

I 1. F i r s t ,  it may be n e c e s s a r y  f o r  some of t h e  

materials and d e v i c e s ,  such as o p t i c a l  glass and solar 

c e l l s ,  t o  opc:ate  o u t s i d e  of a s h i e l d e d  crew compartment .  

I 2 .  Second,  a s p a c e c r a f t  may spend a much l o n g e r  

t i m e  i n  t h e  r a d i a t i o n  envi ronment  t h a n  d o  men i f  t h e  

v e h i c l e  remains a l o f t  w h i l e  men commute be tween i t  and 

e a r t h .  

To o b t a i n  a p r e d i c t i o n  of t h e  u s e a b l e  i i f e t i m e  f o r  a p a r t i c u l a r  

m a t e r i a l  or d e v i c e  i n  a s p e c i f : -  s p a c e  a p p l i c a t i o n ,  o n e  must  c o n s i d e r  

the r a d i a t i o n  damage induced  i n  t h e  d e v i c e  as a f u n c t i o n  o f  p a r t i c l e  

e n e r g y  and  t h e  e n e r g y  spec t rum and t o t a l  f l u x  of t h e  p a r t i c l e  e n v i r o n -  

ment .  

**** The n e x t  s l i d e  shows t h e  e n e r g y  d e p e n a e n c e  of p r o t o n  

induced  damage i n  s i l i c o n  no rma l i zed  t o  t h e  damage c a u s e d  by 30 MeV 

p r o t o n s .  

low e n e r g y  p r o t o n s  are more e f f e c t i v e  i n  p r o d u c i n g  clamage i n  s i l i c o n  

t h a n  are h i g h  e n e r g y  p r o t o n s .  

Because  of t h e i r  larger R u t h e r f o r d  s c a t t e r i n g  cross s e c t i o n ,  
I 

**** n e  

i n d u c e d  damage 

n e x t  s l i d e  shows t h e  e n e r g y  dependence  of e l e c t r o n  

i n  P-  and N-type s i l i c o n .  The e n e r g y  dependence  is 
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y o n s i d e r n h l y  more pronounced f o r  €'-type s i l i c o n .  I t  shou ld  t v  n o t e d  

t h a t  t h e s e  c u r v e s  are  norma l i zed  t o  t h e  r c s p r c t i v c  darnajie ra tes  i n  
1 

P- and  N-type s i l i c o n  f o r  1 NeV e l e c t r o n s  and d o  'no t  r e f l e c t  t h e  

f a c t  t h a t  t h e  a b s o l u t e  damage r a t e  i n  N-type s i l i c o n  i s  c o n s i d e r a b l y  

h i # h d +  €lien :a €*=pjp@, I 

I 

These  c u r v e s  p o i n t  o u t  t h e  i m p o r t a n c e  f o r  measurements  o f  l o w  

e n e r g y  p r o t o n s  < 30 NeV and f o r  measurements  of h i g h  e n e r g y  e l e c t r o n s  

> 1 MeV. 

Just how c a n  w e  i n s u r e  t h a t  a s p a c e c r a f t  w i l l  h a v e  t h e  n e c e s s a r y  

r a d i a t i o n  t o l e r a n c e  f o r  a g i v e n  m i s s i o n ?  *** The n e x t  f i l i d e  i n d i -  

cates  v a r i o u s  means of i n s u r i n g  r a d i a t i o n  t o l e r a n c e  f o r  space v e h i c l e s .  

SBTELDI h'S 

One o f  the  most common ways of a v o i d i n g  r a d i a t i o n  damage i s  t o  

i s o l a t e  s e n s i t i v e  components  from t h e  r a d i a t i o n  env i ronmen t  w i t h  

a p p r o p r i a t e  r a d i a t i o n  s h i e l d s .  T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  manned 

s y s t e m s .  

MATER I AL AN D C OFTO NE NT R EP L AC EMENT 

Another  a p p r o a c h ,  t o  i n c r e a s e  t h e  r a d i a t i o n  t o l e r a n c e  of a 

s y s t e m ,  i s  t o  remove t h e  r a d i a t i o n  s e n s i t i v e  components  and r e p l a c e  

them w i t h  more t o l e r a n t  components  t h a t  c a n  s t i l l  pe r fo rm t h e  n e c e s -  

s a r y  f u n c t i o n s .  I n  some cases, such as p h o t o g r a p h i c  f i l m ,  t h e r e  

p r e s e n t l y  are  no s i m p l e  and e q u a l l y  e f f e c t i v e  s u b s t i t u t e s ;  and 

s h i e l d i n g  i s  t h e  o n l y  means o f  i n c r e a s i n g  r a d i a t i o n  t o l e r a n c e ,  

Iiowever, f i e l d  e f f e c t  d e v i c e s  c a n  be s u b s t i t u t e d  f o r  t r a n s i s t o r s ,  

f u s e d  q u a r t z  c a n  be s u b s t i t u t e d  f o r  glass,  and  sa#hire, i n  t u r n ,  

c a n  be s u b s t i t u t e d  f o r  f u s e d  q u a r t z .  
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TIic t h i r d  rncthod of insuring a d e q u a t e  r a d i a t i o n  t o l e r a n c e  for 

D s y s t e m  i s  t o  p r o v i d e  e x t r a  o p e r a t i n g  capacity. T h i s  t e c h n i q u e  

i s  p a r t i c u l a r l y  s u i t a b l e  For e l e c t r o n i c  c i r c u i t s .  The u s e f u l n e s s  

of t h i s  t e c h n i q u e  r e s u l t s  from t h e  f a c t  f h q t  moRf d o v i ~ e ~  dn i i @ C  

have a well d e f i n e d  r a d i a t i o n  l i m i t  b u t  d e g r a d e  g r a d u a l l y  as t h e  

t o t a l  i n t e g r a t e d  dose is i n c r e a s e d .  

The  s o l u t i o n  t o  r a d i a t i o n  damage p r o b l e m s  i n  s p a c e  usually 

r e p r e s e n t s  a c o m b i n a t i o n  of s h i e l d i n g ,  material r e p l a c e m e n t  and  

r edundancy .  I n  order to  d e t e r m i n e  t h e  optimum c o m b i n a t i o n ,  o n e  

n e e d s  t o  know: 

1. t h e  t o t a l  f l u x  and  e n e r g y  s p e c t r u m  of t h e  

r a d i a t i o n  env i ronmen t ;  

2 .  t h e  i n t e r a c t i o n  of t h e  r a d i a t i o n  w i t h  

materials; and 

3 .  t h e  e f f e c t  of t h e  i n t e r a c t i o n u p o n  material 

o r  component  pe r fo rmance .  

The c o l l e c t i o n  and  a s s i m i l a t i o n  of t h e  r a d i a t i o n  env i ronmen t  

is a d i f f i c u l t  b u t  v i t a l  job. 

and A p p l i c a t i o n s  and the  Off ice  of Advanced R e s e a r c h  and  Technology 

of NASA j o i n t l y  i n i t i a t e d  a c o n t r a c t  w i t h  t h e  Aerospace  C o r p o r a t i o n  

f o r  the  c o l l e c t i o n ,  a s s i m i l a t i o n ,  and d i s s e m i n a t i o n  of the s p a t i a l  

R e c e n t l y ,  t h e  O f f i c e  of Space  S c i e n c e s  

e n e r g y  f l u x  of t h e  t r a p p e d  r a d i a t i o n  env i ronmen t .  

ives of t h i s  work i s  to  o b t a i n  and  m a i n t a i n  t h e  bes t  c o m p o s i t e  

One of t h e  object- 
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T n  rinmnnnotl nyfitcms, r n d l n t i o n  sensitivity of mntariRlR c a n  
-I- 

be nn i m p o r t a n t  lactor  i n  limittng t h e  useful  lifekimc of a spctee 

v e h i c l e .  
1 

I n  mc ined s y s t e m s ,  however ,  t h e  low r a d i a t i o n  damage 

t h r e s h o l d  Lor t h e  crew w i l l  u s u a l l y  b e  more i m p o r t a n t  i n  d e t e r m l n -  

i n g  t h e  t i m e  t h a t  t h e  crew and v e h i c l e  remain  i n  space .  

L e t  me now t u r n  your  a t t e n t i o n  to  t h e  e f f e c t s  of t h e  s p a c e  

thermal r a d i a t i o n  envi ronment  on s p a c e  v e h i c l e  materials and com- 

ponen t  s. 

**** The n e x t  s l i d e  shows tbe t h e r m a l  spec t rum from t h e  sun. 

You w i l l  n o t e  t h a t  t h e  u l t r a v i o l e t  p o r t i o n  of t h e  spec t rum r e p r e s e n t s  

a b o u t  9X of t h e  t o t a l  s o l a r  ene rgy ;  t h e  b u l k  of t h e  s o l a r  e n e r g y  

b e i n g  i n  t h e  v i s i b l e  and i n f r a r e d .  
I 

It i s  w e l l  known t h a t  t h e  most d e g r a d i n g  p o r t i o n  of t h e  solar 
0 t h e r m a l  r a d i a t i o n  env i ronmen t  i s  t h e  n e a r  u l t r a v i o l e t  (2200 - 4000A 1.  

The e f f e c t s  of u l t r a v i o l e t  are f e l t  most s t r o n g l y  by o r g a n i c  materials, 

which  unde rgo  s t r u c t u r a l  a l t e r a t i o n s  such  as m o l e c u l a r  c r o s s - l i n k i n g  
I 

and d e c o m p o s i t i o n .  P a i n t  p igmen t s  and o t h e r  i n o r g a n i c  materials 

may b e  a f f e c t e d  by t h e  f o r m a t i o n  of c o l o r  c e n t e r s  a s s o c i a t e d  w i t h  

t h e  p r e s e n c e  of i m p u r i t i e s  i n  the materials. F o r  example,  w h i t e  

d i e l e c t r i c  materials, unde r  e x c e s s i v e  UV e x p o s u r e ,  t u r n  brown 'and 

s u f f e r  a n  i n c r e a s e  i n  t h e r m a l  a b s o r p t a n c e .  Metals and b l a c k  s u r -  

f a c e s  are n o t  s i g n i f i c a n t l y  a f f e c t e d  by u l t r a v i o l e t  e n e r g y .  

5 .  
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r\ very i m p o r t a n t  problcm i n  t \ i e  d c s i c n  of sp .wrc rc l f t  i s  t h a t  

oE m a i n t n i n i n g  t e m p e r a t u r e s  i n  t h e  d e s i r c d  r a n g e .  f l e r e ,  one  must 

c o n s i d e r  n o t  o n l y  s o l a r  r a d i a t i o n ,  b u t  also p l a n e t a r y  a l b e d o ,  i n -  

t e r n a l  h e a t i n g  s o u r c e s  and t h e  i n t e r n a l  t r a n s m i s s i o n  of  h e a t  and 

e e = r m a k g n f i  p p R ~ e ,  

One s t e p  toward improving t h e r m a l  d e s i g n  c a p a b i l i t y  i s  to  

p r o v i d e  more a c c u r a t e  s o l a r  r a d i a t i o n  s i m u l a t i o n .  We have  a n  a c t i v e  

program ~n t h i s  area c o v e r i n g  t h e  items shown i n  t h e  n e x t  s l i d e .  **** 
Most o f  t h e  s o l a r  s i m u l a t o r s  p r e s e n t l y  u s e  l i g h t  s o u r c e s  d e v e l o p e d  

f o r  s e a r c h l i g h t s  and f o r  t h e  motion p i c t u r e  i n d u s t r y .  More i n t e n s e  

s o u r c e s  h a v i n g  i n c r e a s e d  l i f e t i m e s  and b e t t e r  r i t c h i n g  w i t h  t h e  a c t u a l  

solar spec t rum are c u r r e n t l y  under  deve lopment .  

The complex o p t i c a l  sys t ems  needed f o r  f o c u s i n g  t h e  e n e r g y  from 

l i g h t  s o u r c e s  i n t o  a vacuum chamber are b e i n g  a n a l y z e d  i n  o r d e r  to 

b e t t e r  p r e d i c t  pe r fo rmance  and to  p e r m i t  o p t i c a l  mix ing  o f  sources. 
I 

The n e x t  t w o  i tems on t h e  c h a r t ,  " S p e c t r a l  Measurement" and 

" F a c i l i t y  C a l i b r a t i o n , "  r e f e r  t o  a most u r g e n t  problem area -- t h a t  

o f  improv ing  and s t a n d a r d i z i n g  s p e c t r a l  measurement t e c h n i q u e s  f o r  

the c a l i b r a t i o n  of f a c i l i t i e s .  A program aimed a t  e l i m i n a t i n g  t h i s  

d e f i c i e n c y  h a s  been  e s t a 0 l i s h e d  a t  t h e  R a t i o n a l  Eurenu of S t a n d a r d s  

u n d e r  NASA sponsor  s h i p .  

The last  i t e m ,  "Thermal Model ing,"  stems from t h e  c o n s t a n t  

i n c r e a s e  i n  t h e  s i z e  of s o l a r  s i m u l a t i o n  f a c i l i t i e s .  S e v e r a l  e f f o r t s  

are underway t o  e s t a b l i s h  s c a l i n g  laws which w i l l  e n a b l e  t h e  u s e  o f  

thermal scale model ing  and h o p e f u l l y  r e d u c e  t h e  need f o r  v e r y  large 

s i m u l a t o r s .  
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We a l s o  have  a large e f f o r t  i n  t h e  deve lopment  of t e c h n i q u e s  . 

which  c a n  be used  t o  c o n t r o l  s p s c e c r ~ ~ f t  t e r n p e r a t u r c s .  ‘nie n e x t  

s l i d e  **** i l l u s t r a t e s  o n e  of t h e  d i f f i c u l t i e s  i n  c o n t r o l l i n g  such  

t e m p e r a t u r e s .  Here, t h e  e x p e c t e d  e q u i l i b r i u m  t e m p e r a t u r e  of a n  

i n s u l a t e d  f l a t  p l a t e  exposed  t o  solar r a d i a t i o n  i s  shown as  a f u n c t i o n  

of d i s t a n c e  from t h e  sun.  Each c u r v e  i s  f o r  a p l a t e  h a v i n g  a d i f -  

f e r e n t  v a l u e  f o r  t h e  r a t i o  of a b s o r p t i v i t y  t ,  e m i s s i v i t y  - 0  or a /e  

-- which is a T e a s u r e  o f  t h e  f r a c t i o n  of t h e  i n c i d e n t  e n e r g y  which  

i s  c o l l e c t e d  and  r e t a i n e d  by t h e  p l a t e .  

A s  you see, t h e  t e m p e r a t u r e  i n c r e a s e s  c o n s i d e r a b l y  as o n e  moves 

closer t o  t h e  sun  w i t h  t h e  a b s o l u t e  magn i tuJe  o f  t h e  t e m p e r a t u r e  

d e p e n d i n g  on  t h e  ale ra t io .  It i s  o b v i o u s  from t h e  f i g u r e ,  t h a t  

i f  t l i e  d i s t a n c e  be tween t h e  p l a t e  and t h e  sun  i s  v a r i e d ,  t o  r e t a i n  

a c o n s t a n t  t e m p e r a t u r e ,  t h e  a / e  r a t i o  must  a lso be v a r i e d .  T h i s  i s  

e x a c t l y  t h e  case w i t h  s p a c e c r a f t .  F o r  v e h i c l e s  o p e r a t i n g  over a wide  

r a n g e  of d i s t a n c e s  f rom t h e  s u n ,  p a s s i v e  t e m p e r a t u r e  c o n t r o l  s u r f a c e s  

-- h a v i n g  c o n s t a n t  a /e  r a t i o s  - -  are ,  i n  g e n e r a l  i n a d e q u a t e .  Con- 

s e q u e n t l y ,  w e  are c o n c e r n e d  w i t h  t h e  deve lopment  o f  a c t i v e  - -  v a r i a b l e  

a /e  - -  t e m p t r a t u r e  c o n t r o l  t e c h n i q u e s .  

T y p i c a l l y  as s p a c e c r a f t  becomes larger and more complex ,  t h e  

r e q u i r e m e n t s  f o r  more h i g h l y  e f f i c i e n t  solar r e f l e c t o r s  becomes 

more and  more u r g e n t .  

r a t i o  f o r  p a s s i v e  t h e r m a l  c o n t r o l  s u r f a c e s  and s u r f a c e  c o a t i n g s  i s  

The r e q u i r e m e n t  f o r  t h e  knowledge o f  t h e  a /e  

more c r i t i ca l  t h a n  i n  the case of active c o n t r o l  devices. With 

7 .  
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e i t h w  - t e c h n i q u e ,  however ,  o n e  nf t h e  main proh1en)s i s  t h e  clevelop- 

mcnt of s t a b l e  s u r f a c e s  o r  s u r f a c e  c o a t i n g s  which :have o. l o w  solar 

a / e  r a t i o .  

**** ‘the n e x t  q l i d e  shows t h e  r e f l e c t a r  -e  of z i n c  o x i d e ,  

which is t y p i c - 1  o f  t h e  r e f l e c t a n c e  o f  h i g h l y  e f f i c i e n t  s o l a r  re- 

f l e c t o r s .  The r e f l e c t a n c e  b e g i n s  t o  f a l l  o f f  r a p i d l y  a t  w a v e l e n g t h s  

below 4 4 0 0 A  and d r o p s  t o  l e s s  t h a n  30% a t  380OA. Approx ima te ly ,  507. 

of t h e  a b s o r b e d  e n e r g y  i n  t h e  z i n c  o x i d e  i s  due t o  t h e  u l t r a v i o l e t ,  

a r e g i o n  c o n t a i n i n g  less t h a n  107. of t h e  t o t a l  solar e n e r g y .  
knaRj/+dye d? 7 

I n  summary, t h e  a b s o l u t e  i n t e n s i t y  and p o s s i b l e  s e c u l a r  c h a n g e s  
,I 

of t he  c o m p l e t e  solar s p e c t r u m  are  r e q u i r e d  f o r  t h e  optimum d e s i g n  
A 

o f  t h e r m a l  c o n t r o l  s y s t e m s  of s p a c e c r a f t .  I n f o r m a t i o n  c o n c e r n i n g  

t h e  u l t r a v i o l e t  i s  o f  p r i m e  i m p o r t a n c e  b e c a u s e  of i t s  l a r g e  c o n t r i -  

b u t i o n  t o  t h e  t o t a l  e n e r g y  a b s o r p t i o n  o f  many thermal c o n t r o l  surfaces 

as well as t h e  p o s s i b l e  d e g r a d a t i o n  o f  these s u r f a c e s .  

8 .  
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